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Fourth Annual Report

ABSTRACT

This is the fourth annual report to originate from the

Psychophysiology Laboratory of the Psychology Department at

Baruch College. The research completed over the last 12

months has Included a number of studies concerned with evoked

cortical potential correlates of stimulus processing in humans.

The present report details the results of three separate exper-

iments , each consisting of two parts. One portion of Experi—

ment I (Part A) was previously reported in the 1975 Annual

Report. Part B of Experiment I is a follow—up conducted in an

attempt to explain apparent male—female differences found In

Part A , in which the visual evoked potential (VEP) of males was

enhanced with induced muscle tension (IMT) but no consistent

effect on VEPs of females was observed. In Part B , a new

sample of 10 female subjects was tested with a reduced IMT level

and VEP enhancement was observed.

In Experiment II , the effects of conti guity of target

(initial) and mask (later) visual stimuli on backward masking

and  t h e  VEP was  e x a m i n e d .  Backward masking was found to be

a f f e c t e d  b y t h e  c o n t i g u i t y  of later—appearing grid stimuli ,

i.e., the closer the mask to the ori ginal target , the more

likely was backward masking to occur. When masking stimuli

i
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were removed a short distance horizontall y (Part A), masking

still occurred in most Instances. With the mask farther

removed horizontally , masking did not occur (Part B). The

VEPs d id  n o t  d i f f e r  r e l i a b l y  u n d e r  th e  v a r i o u s  c o n d i t i o n s  in

e i t h e r P a r t s  A or  B , poss ib l y due  to  t h e  less  t h a n o p t i m a l

s t i m u l u s  t i m i n g  u s e d .  The effects of timing and degree of

contiguity between target and mask will be examined in Experi-

ment V of this Annual Report.

Backward masking and the VEP , with new stimuli , was the

focus of Experiment III. In Part A , a sing le character (letter

Y) and its “complement ’t made up the target and mask stimuli ,

respectively. In Part A , the subjects experienced backward

masking, but VEP changes did not occur. A more complex

stimulus array was designed for Part B (three Ys and three

complements) and under these conditions a VEP latency delay

was observed under the masking as compared to the no masking

condition. The VEP delay was discussed in relation to results

of prior studies indicating VEP c h a n g e s  w i t h  b a c k w a r d  m a s k i n g .

E x p e r i m e n t  IV e x a m i n e d  VEPs , f rom l e f t  and r i g h t  hemi-

spheres , to meaningful and non—meaning ful stimuli. No dif—

ferences in either response amp litudes or latencies were

found for meaning ful and non—meaningful stimuli. It was
4

suggested that perhaps parietal or frontal lead , p lacements

would have yielded greater differences since they might reflect

H associative rather than visual responses obtained from the

occi p ital areas examined.

)
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In Ex per i ment  V , t h e  v i s u a l  evoked  p o t e n t i a l  ( V E P )  was

measured under stimulus conditions in which the extent of

visual masking varied. Increased a m o u n t s  of c o n t o u r  i n t e r -

a c t i o n  b e t w e e n  t a r g e t  and mask  stimuli resulted in stronger

m a s k i n g  and progressively greater decreases in VEP amplitude.

The r e s u l t s  s u g g e s t  possible excitatory—inhibitory neuron

In te r ac t io n s at the visual cortex.

ç
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E x p e r i m e n t  I :  I n d u c e d  M u s c l e  T e n s i o n  and  V i s ua l
C o r t i c a l  Evoked  P o t e n t i a l :
A Male—Female Comparison

A series of experiments have indicated that induced

muscle tension (IMT) led to an increased a m p l i t u d e  of tl~e

visual evoked potential (VEP) in situations where a response

to visual stimulation was recorded simultaneous with the IMT

(Eason , Aiken , White and Lichtenstein , 1964; Andreassi ,

Mayz ner , Beyda and Davidovics , 1970; Dinges and Klingaman ,

1972). Andreassi et. al. (1970)  h y p o t h e s i z e d  t h a t  the

enhancement of the VEP with IMT was due to the arousing

influence of the ascending reticular activating system

(ARAS). Dinges and Klingainan suggested that their results

tended to support this hypothesis. A number of past studies

have pointed to the role of the ARAS in producing cortical

arousal (Moruzzi and Magoun , 1949; Lindsley , 1956) and in

the facilitation of visual response (Lindsley, 1958;

Fuster , 1958).

Landau and Buchsbaum (1973) used six male and eight female

subjects in testing the effects of IMT on the VEP. They used

an additional mental arithmetic task to determine whether

distraction from the visual stimulus would be a factor In
F I *

any observed changes. Unlike the earlier studies mentioned ,I
they reported no enhancement of the VEP with IMT , nor was there H

r a d i f f e r e n t  e f f e c t  f o r  ma les  and f e m a l e s .  In t he  L a n d a u  and

Buchsbaum study, however , the level of muscle tension used
I H
1. was not adjusted according to the individual subject’s maximum
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I
grip. The adjustment of the level of IMT to the capacity of

the individual is a well known procedure in studies of the

effects of muscular tension on performance (see Courts , 1942).

Th~ importance of this procedure Is emphasized by the findings of

I Wilcott and Beenken (1957), who reported that a given level of

IMT resulted in different electromyographic (EMG) activity

levels in different subjects. The difference in integrated

EMG levels was noted between males , but was especially visible

when ma le  and f e m a l e  s u b j e c t s  were  c o m p a r e d .  For example ,

at a dynamometer squeeze level of 5 lbs., the females produced

a mean of approximatel y 125 microvolts of EMG activity

(biceps) compared to 72 microvolts for the males. Thus ,

it is clear that at a given level of IMT ,females are likely to

use more muscular energy relative to males.

In our laboratory, a pilot study had revealed differences

in the effects of INT on VEPs of males and females , i.e.,

males seemed to show an increase in the VEP with IMT , but

females did not. The present investigation expanded upon

the pilot study to determine whether this observed preliminary

finding would hold with a larger sample of males and females.
H

t
P a r t  A:  IMT and  V E P ;  Males  and Females  C o m p a r e d

S.

METH OD
L 

S u b j e c t s :  T w e n t y  s u b j e c t s  (10 ma le s  and  10 f e m a l e s )  w i t h

no visual or neurological defects (except myopia corrected

to at  l e a s t  2 0 / 2 5 )  p a r t i c i p a t e d  In two e x p e r i m e n t a l  s e s s ions

1] 8 e p a r a t e d  by one week. The subjects ranged in age from

_fl
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19 to 70 , w i t h  a mean of 25 y e a r s .

P r o c e d u r e :  The p i l o t  e x p e r i m e n t  had d e t e r m in e d  t h a t  1/ 7 t h

of a p e r s o n ’ s max imum g r ip  on a d yn a m o m e t e r  wou ld  be an

appropriate level of [MT to use. Since the subject was

required to maintain the grip level continuously over a

pe r iod  of a p p r o x i m a t e l y  two m i n u t e s , a level of 1/ 6 t h  of

maximum was found to be too fatiguing, especially for the

females. A Stoeltirt g hand dynamometer was used to induce

and record the subject ’s gri p in kilograms (kg). Each m di—

vidual squeezed the dynamometer handle as hard as possible

for three seconds. (The handle was adjusted to the hand

size of each person.) Three readings were taken with a 30

second rest between each , and the mean of these was taken as

the person ’s maximum gri p. If a subject ’s maximum grip was

28 kg (61.6 lbs.) then the level used during IMT conditions

was 4 kg (8.8 lbs.). An adjustable clip was used as a

“stop ” during experimental trials to insure that subjects

did not squeeze beyond their determined level. With a few

practice trials , the subjects learned to use the stop as

effective feedback to maintain a given gri p level.

Evoked potential data were collected under two conditions:

A (light alone) The subject was asked to

silently count a series of

li ght flashes , and to avoid

blinking his/her eyes during

flash presentations. The

d y n a m o m e t e r  h a n d l e  was h e l d

H
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lightly without squeezing

throughout the entire presentation

period.
k

B (light plus squeezing) — The subject again counted ,

but maintained the dynamometer

squeeze at the predetermined

level throughout the presenta—

4 tion period.

The testing of each subject was accomplished in two sessions ,

separated by at least one ~~ ek , at about the same time of

day. Conditions A and B were comp letel y counterbalanced

in an ABBABAAB sequence over the two days and over subjects.

Four trials were comp leted on the first day and four on the

second day. Each trial consisted of 100 li ght flashes

presented at one second intervals. The subjects had a three

minute rest between each of the four trials to avoid fati gue

U and possible carry—over from a squeezing to a non—squeezing

condition. The dynamometer was mounted in a wooden support

so that subjects would not be burdened with balancing it on

t he t a b l e .

Apparatus: The EEC was recorded with a Beckman Type RM

Dynograp h from Grass silver cup electrodes p laces at (active)

and the left e a r l o b e ( r e f e r e n c e ) .  The 0 l ead  was  p l a c e d  in

L a c c o r d a n c e  w i t h  t he  “ Te n — T w e n t y ” S y s t e m  ( J a s p e r , 1 9 5 8) .  The

J subj e ct  was g r o u nded b y a n o t h e r  e l e c t r o d e  a t t a c h e d  to  t h e
I

right ear lobe. Eye movements (EOG) were monitored by means

of a n o t h e r  e l e c t r o d e , and VE P t r a c e s  s u s p e c t e d  of b e i n g
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contaminated by eye movements or blinks were discarded. This

r a r e l y  occurred since subjects were able to avoid excessive

eye movements or b l i n k i n g .  I n s p e c t i o n  f o r  eye  m o v e m e n t  or b l in k

contamination involved a comparison of the averaged EOG trace

with the VEP trace. A straight line EOG trace indicated very

little or no eye movement. A rise then dip in the EOG trace

would indicate a consistent eye movement , and , if the EOG

trace was superimposed over the VEP trace , the effect was

noticeable by rises and di ps in the VEP at the same temporal

positions. This monitoring of possible eye movement contami—

nation was carried out on—line and , in the rare instances

when it occurred , the trial was repeated immediatel y after the

rest period.

EEG and EOG potentials were fed into a Mnemotron Computer

of Average Transients (CAT/b OO) to produce averaged 0 and

EOG traces. Five hundred millisecond (msec) duration samples

were taken for each of the 100 presentations of the stimulus.

At the end of each two trials , th e 0~ and EOG were traced out

on a Hewlett—Packard X=Y Plotter. The visual stimulus was a

10 microsec flash of light produced by intensity setting “1”

of a Grass Model PS—2 photostimulator at a distance of 49

inches from the subject ’s eyes. The photostimulator bulb was

p l a c e d  in an o p e n i n g  a t  t h e  c e n t e r  of a black shield which was

m o u n t e d  in t h e  w i n d o w  of an IAC Chamber. The subjects sat in

t h e  IAC C h a m b e r d u r i n g  t h e  e x p e r i m e n t .  A d i f f u s i n g  s c r e e n

was p lac e d o n the window between the photosti mulator and

t h e  su b j e c t  to r e d u c e  t h e  f l a s h  intensity. The screening

of t h e  p h o t o  f l a s h  r e d u c e d  t h e  b r i g h t n e s s  by a b o u t  one—half
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and made the stimulus comfortable for the subject in the

darkened Chamber. Presentation of each stimulus flash

triggered the CAT to take samples of EEG and EOG activity.

RESULTS

The mean amp litudes and latencies for each of the major

VEP components (Nl , Pb , N2 and P2) were computed for each

condition for each of the 20 subjects. The Nb component was

considered to be the first negative dip in the plot which

occurred 50 msec after the stimulus. The a~ipbitude of

the Ni component was measured as the vertical distance from

the VEP trace baseline to the trough of the first depression.

The P1 component was measured as the vertical distance from

Ni to the peak of the first positive component , N2 was

measured as the vertical distanc.e from the peak of P1 to

the trough of the second major depression , etc. for P2.

Latencies (or time after stimulus presentation) were measured

to the midpoints of each positive and negative peak. If the

“peak” was flat , and appeared more as a plateau , the mid—

point of the plateau was taken as the latency measuremen t. The

mean amp litudes for the various VEP components for each

stimulus cond ition , across the 20 subjects , are shown in Table

1 for 0 . The mean latencies for the various VEP components
z

a re p r e s e n t e d  in  T a b l e  2 .

-~ - -—~~~~~- ~-—~~~~~— - -.— - -- -~~~-‘~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,~~~. 
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Table 1

Mean VEP Amplitudes (pv) for Conditions A
(Light Alone) and B (Light Plus Squeezing)

N = 2 0

Condi t ions
VEP

Components A B

Ni 4.59 4.75
P1 13.87 14.86
N2 8.67 8.89
P2 6.76 7.23

Table 2

Mean VEP Latencies (msec) for Conditions A
(Light Alone) and B (Light Plus Squeezing)

N = 2 0

Conditions
VEP

Components A B

Ni 74 73
P1 115 116
N2 163 163
P2 206 207

The latency and amp litude data were subjected to

analysis of variance (ANOVA) for the P1 , N2 and P2 components.

The model used for the ANOVA was a two— factor , fixed—model

f a c t o r ial des i gn w i t h f o u r  o b s e r va t i o n s  pe r  c e l l  (Winer , 1971).

7

~~~~~~~~~~~~ ~~~~~~~~~~~~~ - -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~ :r: ~~~~~~~~~~~ - 
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The two main effects were Conditions (light alone vs. light

• plus squeezing) and Sex (males vs. females), and both were

considered as fixed. The raw amplitude and latency data were

subjected to a logarithmic transformation , to produce homo—

geniety of variance and normality of distribution. The six

separate ANOVAs indicated no significant main effects or

interactions: F (1/156) was less than the ratio of 3.91

needed for significance at the .05 level , in all instances.

The amp litude data are p lotted in Figure 1.

The data were then analyzed for males and females

separately. Table 3 shows the amplitude data for the 10

male subjects , according to condition and VEP components.

(Latency data will not be mentioned further since analyses

indicated no differences for any type of comparison.) The

data in Table 4 show the amplitude data for females. These

Table 3

Mean VEP Amplitudes (pv) for Conditions A
(Light Alone) and B (Light Plus Squeezing)

N 10 Males

Condition
VEP

Component A B

Ni 3.98 4.74
P1 12.77 15.00
N2 7 .61 9.17
P2 6.73 7.29

data were then p lotted as Fi gures 2 and 3, respectivel y.

The Tables and Fi gures show clear trends such that the male VEPS &

I I
~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _  ____  _ _ _ _ _ _ _
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I
were enhanced by IMT , but the female VEPs were not.

To test for possible significance , the data for males

were further analyzed by t— tests for correlated data using

two—tailed criterion throughout. Thus , the Condition A

Table 4

Mean VEP Amplitudes (,Mv) for Conditions A
(Light Alone) and B (Light Pius Squeezing)

N = 10 Females

Condition
VEP

Components A B

Nl 5.13 4.76
P1 14.96 14.72
N2 9.73 8.60
P2 6.79 7.16

(light alone) vs. B (light plus squeezing) comparison for the

P1 component yielded a t = 2.87 (p < .02 , 9 df) in which 9

of the 10 male subjects had larger VEPs with Condition B (IMT)

-; than A. The 10th individual had equal VEPs under the two

conditions. For the N2 component , t = 2.14 (p ) .05, 9 df), and

for P2 t = 1.57 ( p ) .05, 9 df), significance was not obtained

for the A vs. B comparison. None of the component amplitudes

showed significant amplitude differences for A vs. B for

females. For P1 , t = .67; for N2 , t = 2.16; and for P2 ,

~• t .93 (for all , p > .05, 9 df).

Thus , while the ANOVA did not detect a sex difference

in the VEP amplitudes for the light alone vs. the light

• plus squeezing situation , a difference is shown when a

comparison is made within the group of 10 males for one of the
p ‘.

‘
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major components (P1). The mean difference between Conditions

A and B for males ’ P1 was 2.23 microvo lts , or an increase

• of 12% with IMT. This compares closely with an increase of

15% for P2 obtained by Andreassi et. al. (1970) and an

increase of 12% for N2—P2 obtained by Dinges and K1ingaman~~~~~

(1972) with four and three male subjects , respectivel y.

Superimposed VEP traces for one of the male subjects

(J.D.S.) are dep icted in Figure 4. The VEP traces clearl y

show enhancement with IMT for this subject. A representative

sample of VEPs is shown for a female partici pant (Z.R.), who showed

no enhancement , in Fi gure 5. In both figures , negativity of

the VEP is downward.

It is hypothesized that the IMT task was perhaps more

4 . . -difficult and disruptive for the females than it was for the

males. While moderate levels of IMT may Improve performance

in certain tasks , higher levels produce decrements (Duffy,

1957; 1962). It was noted that females tended to complain

about fati gue and difficulty of the task while the males

did not. Perhaps the level of IMT used was disruptive in

some cases for the females and attenuated enhancement effects

that otherwise mi ght have been produced. For this reason , i t

was decided to conduct a second experiment , using a new

group of ten female subjects , in wh ich the level of IMT

was reduced to 1/9th of maximum grip as compared to the ~/7th :
l e ve l  u sed  in Experiment I.

4 I
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0 100 200 300 400 500

EVOKED POTENTIAL COMPONENTS
Figure 4 - Summarized VEP trPces (Ox) for one. male subject (J.D.S.) under

Conditions A and ‘ B. Each tra ce I. based on 100
presentations . Negativity is downward .
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EVOKED POTENTIAL COMPONENTS
FI gure 5 - Summarized VEP ttaces (0~) for one female subject (Z.R.) underConditions A and B. Each trace is based on 100

presentations . Negativi ty is downward..
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Part B: Reduced IMT Level and VEP for Female Subjects

METHOD

Subjects: The subjects were 10 female undergraduate students

at Bar uch College. None had known neurological or visual

defects. Each participated in two sessions separated by at

least one week .

Apparatus and Procedure: The apparatus and recording pro—

cedures were the same as those used in Experiment I. The

only difference in procedure was that a level of 1/9th of

each subject ’s maximum grip was used instead of 1/7th. The

VEPs were obtained under the same conditions as Experiment I:

A (light alone) and B (light plus squeezing), counterbalanced

across subjects and days.

RESULTS

The VEP a m p l i t u d e s  and l a t enc ies  were  o b t a i n e d  as in

Experiment I. The mean amp litude data are shown in Table

5 and the mean latency data are presented in Table 6. These

data were analyzed by t—tests for correlated data , two—tailed ,

and it was found that the P1 component amplitude was signi—

ficantly greater under the light plus squeezing condition than

with light alone (t 2.26 , p c .05 , 9 d . f .) .  This was the

only significant result.
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Table  5

Mean Amplitude (Microvolts) of VEP Components
Under Conditions A and B

• N = 10 Females

Condition
VEP

Componen t s  A B

4 Ni 2.10 2.36
P1 10.56 12.19
N2 6.51 7.74
P2 5.44 4.79

The a m p l i t u d e  d a t a  are  d e p i c t e d  in F i g u r e  6 and the  VEP

t r a c e s  f o r  one s u b j e c t  ( E . A . )  are  p r e s e n t e d  in F i g u r e  7.

Nine of the ten female subjects showed increased amplitude

VEPs with simultaneous IMT , the same r e s u l t  as for the males

in Experiment I. The mean difference between Conditions A

and B was 1.63 microvolts and represented an increase of

15% for P1 amp litude compared to the 12% increase obtained

for males in Experiment I.

Table  6

Mean Latency (Milliseconds) of VEP Components
U n d e r  C o n d i t i o n s  A and  B - ‘

N 10 Females

C o n d i t i o n
VEP

Componen t s  A B

Ni 82 81
P1 136 136
N2 167 170
P2 204 203

I

I
_______________ - , - - - -
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EVOKED POTENT IA L COMPONENTS
- Figure 7 — Superimposed VEP traces (0

~
) for one female

subject (E.A.) under Conditions A and B.
Each trace is based on 100 presentations.
Negativity is downward.
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DISCUSSION

The main finding of Experiment I was that , for the male

subjects , the P1 VEP component was significantl y greater in

amp litude with IMT than when light flashes were presented

alone. The result for P2 was in the same direction , but

was not significant. This did not occur for the females.

The result for the males is consistent with previous findings

for male subjects (Eason et al., 1964; Andreassi , et al., 1970;

and Dinges and Klingaman , 1972). It differs from the overall

conclusion of Landau and Buchsbaum (1973) who found no effects

of muscle tension upon the VEP. However , Landau and Buchsbaum

did not analyze the data separatel y for their six male and

eight female subjects~ and it is possible that a within—sex

difference , e.g., enhanced VEPs for the males , was hidden

in their ANOVA , just as the within male difference found in

the present experiment was not revealed in the ANOVA performed.

Landau and Buchsbaum did consider sex as a factor , but

differences between males and females were not observed , as

they were not in the present experiment. This is not surprising

in psychophysiological experimentation since a within subjects

analysis Is often required to detect treatment effects. The

often large between subjects differences in p hysiological

responses tend to mask treatment effects. Thus , it is

possible to have treatment ef fects within one subgroup (e.g.,

males) without there being a si gnificant effect between sub—

g r o u p s  (e.g., between males and females).

Experiment II indicated that when the level of IMT was

reduced , female subjects also showed a si gnificant enhancement

__________ ~~~~~~~ ~~~-~~~~~~
--~~~~~~~~~
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—~~~~~ -•--• .-~~‘-

.‘,-~•~~~~~~~ — ~~~~~~ -~~
- --~~~~



-21-

of the P1 component of the VEP . This may be due to the fact

that the highe~ level of IMT used In Experimen t I was dis—

• ruptive for the female subjects. The amount of increase in

the P1 component of the VEP was 12% for the males in Experi—

ment 1 ~nd 15% for the females in Experiment II. These

results show the importanc e of using an IMT level which has

been adjusted to the individual subject ’s own maximum level

in any studies of IMT effects. Similar VEP enhancement

effects of IMT were obtained for female subjects , as for males ,

but at a relativel y lower level of tNT.

How may the significant amp litude increase in one major

component of the VEP , which occurs with IMT , be exp lained?

3 We hypothesize , as previousl y (Andreassi , et al., 1970), that

the enhancement of the VEP is due to the additional stimu—

lating effect of IMT (proprioceptive stimulation) upon the

ARAS , and , in turn , the increased effect of the ARAS on

cortical activity. In expanding upon this earlier hypothesis ,

it is proposed that the simultaneous input via two different

sensory modalities (visual and proprioceptive) to the nervous

system increases the level of reticular activity and this

results in an Increased responsivity to visual stimulation at

the level of the occi p ital cortex , through the thalamo—cortical

projection system. There is evidence that stimulation of the

ARAS can produce a physiolog ical picture associated with

alertness , i.e., desynchronizat ion of alpha wave ’s (Moruzzi

and Magoun , 1949). It has also been established that all

sensory modalities , both interoceptive and exteroceptive ,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ I -
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give off coliatera is to the A R A S  ( S a m ~i e 1 s , 1959). The A RA S

projects fibers to the cerebral cortex and receives projections

from the cortex indicating mechanisms for interaction between

the two areas (Lindsley, 1956). It has been demonst rated that

electrical stimulation of the ARAS can facilitate visual

perception (Lindsley, 1958; Fuster , 1958) and reaction time

( F u s t e r , 1958;  I s a a c , 1 9 6 0 ) .  In  addition , sensory inter—

a c t i o n s  b e t w e e n  t w o  or  m o r e  s i m u l t a n e o u s l y  d e l i v e r e d  s t i m u l i

have been reported to result in increased magnitude of

a v e r a g e d  e v o k e d  c o r t i c a l  p o t e n t i a l s  ( G e l l h o r n , K o e l l a  a n d

B a l l i n , 1 9 5 4 ;  A n d r e a s si  a n d  G r e c o , 1 9 7 5 ) .  In  a d d i t i o n , t h e

cortical evoked potential has been reported to be enhanced

d u r i n g  t o n i c  a r o u s a l  a n d  a t t e n u a t e d  w i t h  d e c r e a s e d  a c t i v a -

t i o n  l e v e l  ( K h a c h a t u r i a n  a n d  Cl I c k , 1 9 6 9 ) .  The  c e n t r a l  loca-

t i o n  a n d  c o n n e c t i o n s  t o  a n d  f r o m  t h e  A R A S  p o i n t  t o  i t s

potential as a mechanism for rt- gu l ating and integrating

s e n s o ry  i n p u t  t o  h i g h e r  1e~~~ 1s o f  t h e  c e n t r a l  n e r v o u s  sy s t e m , and

p e r h a p s  i n f l u e n c i n g  c o r t ~~c~~l r e s p o n si v i ty  w h e n  m or e  t h a n  one

stimulus is presented simultaneousl y . This , we propose , is

t h e  r e a s o n  f o r  V E P  e n h a n c e m e n t  w i t h  I M T .

~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~~~~~
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Experiment II: Backward Masking Produced by
A d j a c e n t  S t i m u l i  and  E f f e c t s
on t h e  VEP

A number of s t u d i e s  h a v e  o b t a i n e d  VEP a m p l i t u d e  o b l i t er -

a t i o n  or reduction with backward masking paradigms in which

the first stimulus (target) was perceptuall y blanked by a

s e c o n d  s t i m u l u s  ( m a s k ) .  T h e s e  studies include those of

Donchin , Wicke and Lindsley (1963); Donchin and Lindsiey

(1965); and Fehmi , Adkins and Lindsley (1969) in which a very

intense blanking flash comp letely suppressed the VEP to a

less intense target flash. Metacontrast paradigms were used

by Schiller and Chorover ( 1 9 6 6)  and Vaug han and Silverstein

(1968). While Schiiler and Chorover did no t find VEP changes

under conditions of metacontrast suppression (where bright-

ness changes b ut intensity does not), Vaug han  and  S i iv e r s tein

found VEP ampli tude reductions with metacontrast for foveal

bu t not parafoveal stimulation. Vaug han and Silvers tein

believe that the earlier failure to obtain VEP reductions

b y S c h il l e r  and  C h o r o v e r  was  due to the parafoveal stimulat ion

conditions used. Andreassi , et a l .  ( 1 9 7 6 , in p r e s s )  ce~~a i n e d

evidence for VEP reduction when targets were bounded on two

sides by later presented stimuli , and target stimuli were

perceptuall y suppressed. They also reported that when mask

stimuli differed in configuration from targets , the targets

w e r e  n o t  p e r c e p t u a l l y  s u pp r e s s e d  a n d  VEP was n o t  a t t e n u a t e d .

• In all the experiments mentioned thus far , the masks either

overlapped or were immediatel y adjacent to the targets.

r

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~• •— 
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The pu r p o s e  of t h e  p r e s e n t  e x p e r i m e n t  was  to  d e t e r m i n e  w h e t h e r

later stimuli , when they bounded targets on two sides and

when horizontally removed , would result in backward masking

and VEP change. Defini tions of several terms in accordance

with current practice would be in order at this point (for

e x a m p l e , see Turvey, 1973). The term Target refers to the

stimulus or stimuli which the subject is required to identif y.

The Mask is the stimulus which comes after the Target and is

expected to change the perception of the Target in some

manner. Stimulus onset asychrony (SOA) indicates the time

between onset of the Target and onset of the Mask. The inter—

stimulus interval (ISI) refers to the time between offset of

a Target and onset of a Mask.

Part A: Mask Stimuli Adjacent and Slightly Removed.

METHOD

Subjects: The subjects were four male and five female students

and faculty associated with Baruch College of the City University

of New York. None had visual defects other than myopia (cor-

rected to at least 20/30).

Apparatus and Procedure: Subjects were seated in an electrically

shielded sound—attenuated room (IAC Chamber). All experimental

sessions were conducted with the lights dimmed.

In order to obtain the averaged cortica l evoked potential ,

the electroencephalogram (EEC) of each subject was recorded

• from O~ (“Ten—Twenty ” System , Jasper , 1958) with Grass silver

cup electrodes referenced to a silver clip electrode on the
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s u b j e c t ’s l e f t  ear  l o b e .  A B e c k m a n  Type  RM D y n o gr a p h  R e c o r d e r

was used  to r e c o r d  t he  EEC and a M n em o t r o n  C o m p u t e r  of A v e r a g e d

Transients (CAT 1000) was used to  o b t a i n  t he  a v e r a g e d  evoked

potential. The subject was grounded by means of an electrode

attached to the right ear lobe leading to “patient ground”

of the Beckman Dynograph. The 9806A coup ler of the Dynograp h

was used to condition the EEC signal (bandpass set at 0.5 to

32.0 Hz). The filtered and amp lified signal was then fed

into the CAT. A “start ” signal from a PDP—8/E digital

computer triggered the CAT to take EEC samp les every 0.5

msec duration following the presentation of each stimulus

to the subject. After 100 stimulus presentations , the

summated VEP responses from CAT memory were plotted by a

Hewlett—Packard X—Y Plotter.

The electro—oculogram (EOG) was measured by a separate

c h a n n el o f t h e  Beckman Dynograp h and averaged by the CAT

as a check on possible distortions of the VEP due to excessive

eye movement or eye blink. None of. the trials had to be

r e p e a t e d  b e c a u s e  of VEP contamination by EOG.

The stimuli were displayed on a Dig ital Equipment Corp.

VR— l4 which was mounted at the subject ’s eye level outside

the chamber at a distance of 39 inches (99 cm). The VR— l4

CRT was controlled by the PDP—8/E d ig i t al  c o m p u t e r  w h i c h  was

programmed to deliver stimuli at specific times and locations

upon the CRT. There were three conditions , each comprised

of (5 x 7) Grids:

I’

t
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Co n d i t i o n  A — One G r i d  on t h e  s c r e e n

for 20 milliseconds (msec) (ON

time of 20 msec)

Condition B — One Grid f o r  20 m sec , f o l l o w e d

by two additional Grids 60 msec

later (ON time of 20 msec , OFF

time of 60 Insec)

Condition C — One Grid followed by two Grids

60 msec later (ON time of 20 msec ,

OFF time of 60 msec). Condition C

differed from Condition B in that

the two following Grids were

spatiall y at a g r e a t e r d i s t an ce

from the center Grid (See Table 1).

In every instance there was always 1000 msec between each set

of stimuli. For examp le , Grids 1 and 2 were presented in rapid

succession , followed by a pause of 1000 msec before the next

set of Grids.

The spatial arrangement in which the stimuli appeared

upon the screen is represented schematically in Figure 1.

The numbers Indicate the order in which the successive sets

of Grids appeared , and the locations of the numbers depict the

a c t u a l  lo c a t i on of stimuli as they appeared on the CRT screen.

The single .95 cm square grid produced a visual angle

of 33 m m .  of arc in Condition A. In Condition B, the hori—

zontal array of grids produced a visual angle of 2 degrees

and 23 mIs., while in C the angle subtended horizontall y

was 3 degrees. Therefore , the stimuli were presented

L 
- ___________
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foveally In Condition B and partiall y parafoveally in C ,

since foveal extent is 2.5 degrees (Ruch , et. al., 1966). The

c h a r a c t e r i s t i c s  of t he  \T R— l 4  a re  such t h a t  t he  t o t a l  l u m i n o u s

i n t e n s i t y  is equall y distributed among all simultaneously

presented stimuli. For example , one Grid produces the same

total intensity on the CRT as two Grids , three Grids , four

Grids , etc. This means that the intensity of the individual

character decreases as the number of characters disp layed

simultaneously on the screen increases. However , we used a

t e c h n i q u e  w h i c h  e q u a l i z e d  t h e  i n t e n s i t y  of t h e  i n d i v i d u a l

characters regardless of the number presented simultaneously.

Simply, extra characters (in this case , Grids) were presented

on the CRT in such a way that they were concealed from the

subject ’s view. For examp le , in Condition B , where one

Grid is followed by two Grids , there were actuall y two Grids

presented in the first instance , with one of them concealed

from the subject ’s view.

The intensity of a single Grid was 5.50 mlllllamberts (mL)

measured from a distance of 2.54 cm (one inch) with a Tektronix

Digital Photometer. The stimuli appeared in locations at

the center of the 7” (17.8 cm) hi gh by 9” (22.9 cm) wide CRT

screen. A small luminous fixation point 1/8” (.32 cm) in

diameter , p laced 1/2” above the center of the stimulus array,

was used to give subjects a position upon which to focus

their eyes between presentations.

The instructions asked subjects to focus directly below

the fixation point between and prior to the start of presentations.

4
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They were asked  to  s i l e n t ly c o u n t  the number of presentations.

The c o u n t i n g  p r o c e d u r e  was used to  he l p i n s u r e  s u b j e c t  con-

c en t r a t i on in t h i s  t edio u s task. The recording from 0~ should

cancel the possible influence of language functions (counting)

upon the VEP since it is over the juncture of left and right

hemispheres. The subjects were asked to avoid excessive

movement or eye blink during presentations of stimuli.

In the experiment proper , 100 presentations were given at

the end of which subjects were asked to report what they saw

in any sing le presentation. These responses were then

recorded by the experimenter.

The three conditions were completely counterbalanced

across the nine subjects , over a period of three days using

a Latin—Square design . Each subject was presented with each

condition six times during the course of three experimental

sessions , for a total of 18 trials and 18 VEP traces from O7~

This method proved useful in reducing fatigue while also

-

• increasing the amount of data collected on each subject.

RES ULTS

A summary of the perceptual reports indicates the

- • following for each of the Conditions:

Condition A — All nine subjects saw one

Grid (one Grid presented)

Condition B — All nine individuals saw two

Grids (three Grids presented)

C o n d i t i o n  C — Six persons saw three Grids , two saw

alternately two and three Grids , and  

~~~~~~~ --~~-- ~~~ - — - 
- ~~~~~~~~ - • •~_ •~ .• - -•
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one individual saw two Grids

(three Grids presented)

Thus , all subjects saw what would be expected in Condition A ,

while they all experienced masking in Condition B. Partial

masking was noted for two subjects and complete masking for

one under Condition C. Six subjects saw three Grids in

Condition C , while the remaining three did not.

The question which now arises is whether or not these

perceptual effects have VEP correlates. This question must

be answered through an anal ysis of the VEPs with respect to

both amp litude and latency. The mean amp litudes (microvolts)

and latencies (milliseconds) were obtained for the major

positive and negative VEP components from the X—Y tracings

as in previous experiments.

Table 1 shows the mean amplitudes for the various components ,

across nine subjects , for Conditions A , B and C. Figure 2 shows

Table 1

Mean Amplitude (ji.v) for Major VEP
Components , Conditions A , B , C

N = 9

I-

Conditions
VEP

Component A B C

Ni 2.18 1.88 1.99
F P1 4.24 4.54 4.30

N2 3.86 3.78 4.35
P2 6.25 6.90 6.08
N3 6.47 5.65 5.41
P3 3.54 3.94 3.63

~
•-,--, I.•4~~~I~ •’~

_•_ ~~~~~~~-,~ ‘•‘ ..—. . .  — - 
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the plot of the amplitude data. The amplitudes of P1 , N2 and

P2 were tested for differences between conditions using t—tests

for correlated data. A two—tailed criterion for significance

was used throughout. There were no significant amplitude

differences with respect to P1 , N2 and P2 for any of the com-

parisons.

Table 2 contains the latency data. Fi gure 3 shows the

plot of the latency data. The t— tests for correlated data

Table 2

Mean Latencies (msec) for Major VEP
Components , Conditions A , B, C

N =  9

Conditions
VEP

Component A B C

N]. 96 96 97
P1 131 131 130
N2 163 161 166
P2 214 209 214
N3 278 249 274
P3 318 294 312

(two—tailed) indicated that Condition A produced a longer

latency P2 component when compared to B ( t  = 2.42 , p < .05 ,

df 8). There were no other significant comparisons.

The condition which produced masking (B) also resulted

in shorter P2 latencies than obtained under conditions where

no masking occurred. Thus , even thoug h backward masking was

obtained for 100% of the subjects , the VEP correlates were

not clear. One possibility is that the second set of stimuli

‘
C

i-i
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Figure 2 - Mean amp litude of major VEP components
• (9 Ss) under Conditions A , B and C.

Negativity is downward.
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In Condition B were too far removed in time from the first

stimulus to affect the VEP amp litude or latency adversel y.

The SOA was 80 insec b e t w e e n  the first and second stimulus

compared to 60 msec in earlier studies (Andreassi et al., 1976).

The delay was obviously not enough to prevent backward masking,

but may have been too great to produce VEP amplitude decreases.

Fi g u r e  4 shows the superimposed VEP traces for one subject

( J . M . )  u n d er  t h e  c o n d i t i o n  of t h i s  e x p e r i m e n t .

P a r t  B:  M a s k  S t i m u l i  O v e r l a p p ing  a n d  F a r t h e r  R e m o v e d

This experiment is basicall y a rep lication of Experiment

I , u s i n g  a d i f f e r e n t  a r r a n g e m e n t  of t h e  G r i d  s t i m u l i  t o

determine the extent to which spatial arrangement of stimuli

affected the perception of , and VEPs to the initial stimulus

in a series of stimuli.

M E T H O D

Subjects: The subjects were four female and five males

students and faculty associated with Baruch College of the

City University of New York. None had known neurological

or visual defects other than myopia (corrected to at least

20/30).

A pparatus and Procedure: The procedure was the same as in

Experiment 1. The timi r.g and sequence of the presentation

of stimuli for Cond itions A , B and C were the same as in

Experiment I with the exception of  t h e  s p a t i a l  a r r a n g e m e n t

of stimuli for Conditions B and C. The second two grids
S.

in Condition B spatially overlapped the inIt ial stimulus by

- ~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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.4 cm and at a distance of 99 cm (39  i n c h e s) , the ou ter

• - horizontal dimension (2.45 cm) resulted in a visual ang le

• at the eye of 1 degree , 28 m m .  of arc. In Condition C ,

the outer horizontal dimension (7.25 cm) produced a visual

ang le of 4 degrees , 11 m m .  of arc. Figure 5 shows a

schematic of the three conditions used in Part B.

R E S U L T S

Did backward masking occur under the conditions of this

experiment? A summary of the perceptual reports indicated

that the following were seen under the three conditions:

Condition A — All nine subjects saw one

Grid (one Grid p r e s e n te d )

Cond ition B — All subjects saw two Grids

(three Grids present€~~
’
~

Cond ition C — All subjects saw three Grids

(three Grids presen ted)

Th us , t he r e p o r t s ind ica ted tha t th e r e  was comp le te m a s k i n g

under Cond ition B and no masking under Condition C.

Do the perceptual effects have VEP correlates? This

q uestion is answered throug h an a n a l ysis of the VEPs with

respec t to both amplitudes and latencies. The mean amplitudes

(nicrovolts) and latencies (milliseconds) were obtained for

the major positive and negative components from the X— Y

p lotter tracings as in Experim ent I.

Table 3 shows the mean amp litudes for the various com-

ponents , across subjects , for Conditions A , B and C which 
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are illustrated in Fi gure 6. The amp litudes for the two

major components , N2 and P2 , were tested for differences

between conditions using t—tests for correlated data (two—

tailed criterion). None of the amp litude comparisons , A vs. B ,

T a b l e  3

Mean Ampl itude (pV) and Mean La tency (insec) of
Componen ts of Visual Cortical Evoked Potentials

U n d e r  T h r e e  C o n d i t i ons
N = 9

Co m p o n e n t of C o n d i t i o n
Visual Cor tical

Evoked Po tential A B C

Mean Ampli tude (uV)

N]. 1.73 1.72 1.62
P2 4.58 5.15 4.93
N2 4.37 4.48 5.39
P2 4 . 9 3  5 . 2 7  5 . 6 6

Mean La tency (msec)

Ni 101 102 101
P1 136 143 136
N2 176 177 180
P2 227 229 234

• A vs. C and B vs. C were significant for P2. For Condition

C , the N2 component was significantl y larger than A ( t  = 2 . 3 5 ,

p ( .05 , d f  = 8). This was the only significant difference

found. The latency data are also presented In Table 3. There

w.~s no si gnif i c a n t  latency d i ffer en ct~ w it h r e s p e c t to N2 and

P2 for any of the comparisons. The latency data from Table 3

are illustrated in Figure 7. The superimposed VEP traces

for one of the subjects (J.L.A.) are dep icted In Figure 8.
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EV OKED POTENTIAL COMPONE NTS
Figure 8 — Raw traces for one subject (J.L.A.) under

Condi t ions A , B and C. Each trace is based on
100 presentations. •.L 0~1tivity is downward .
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DISCUSSION

The main result for Part A of Experiment II is the

shorter P2 latency for Condition B vs. A. This latency

result is inconsistent with past findings which have mainl y

involved VEP amplitude decreases or comp lete obliteration

of the VEP with backward masking (Donchin , W icke  and

Lindsley, 1963); Donchin and Lindsley, 1965; Fehmi et. al ,

1969; Vaughan and Silverstein , 1968; Andreassi et. al.,

1976). Since backward masking was obtained with Condition B ,

it perhaps would be logical to expect some interference with

the VEP under this condition , i.e., a la tency increase or an

amp litude decrease. The results of Part B do not clear

up the matter. In Part B , the latencies do not differ at all

between the two non—masking conditions A and C , and the masking

condi tion (B). The only difference which occurred was the

larger amplitude N2 component of the VEP under Condition

C as compared to A. These were both conditions under which

• the target was not masked. Condition C may have been more

attention—getting since the target was followed by two other

stimuli , compared to target only in A , and perhaps produced

more interest on the part of subjects. Attention is known

to enhance amp li tude of the VEP (e.g., Donch in and Cohen ,

1967; Eason et. al., 1969; Musicant , 1975).

Therefore , Experiment II has not resulted in clear

findings concerning either VEP latency or amp litude changes

under conditions of backward masking. A major difference in

the procedure used in Experiment II , from the procedure used
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earlier (Andreassi et. al., 1976) was the SOA between target

and mask. In the earlier stud y, it was 60 Tnsec , while in

the present one it was 80 msec. This 80 msec SOA may have

been sufficient to produce backward masking under Condition B

of the present stud y ,  but may have been too long a delay to

affect the VEP latency or amplitude in a consistent manner.

Timing between target and mask appears to be a critical factor.

It was for this reason that another stud y was designed to

test the effects of amount of contour interaction between

target and mask stimuli upon masking and the VEP in situations

where the SOA is reduced to 60 msec rather than the 80 msec

used in the present experiment. This latter experiment is

still in progress.
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Experiment III: Backward Maskin g of a Targ ’t By
Its Comp lement , and Associated VEP

The in troduction to Experiment II indicates that a variety

of backward visual masking paradi gms have led to alterations

of the VEP. In Parts A and B of Experiment III , we w ill

exp lore the effects of p r e s e n ti ng a “comp lement ” of a ta r g e t

upon v i s u a l  p e r c e p t i o n  and the VEP. The visual backward masking

paradigm will be used in which the mask (complement) follows

the target. A definition of what we mean by a “comp lemen t ” is

in order. In the context of our computer—generated displays ,

a “grid” consists of a S X 7 array of li ght points (See Figure

1). A le tter “Y” , f o r  e x a m p le , can  be p r o d u c e d  by il l u m i n a ti ng

nine of these points of light. This leaves 26 p o i n t s wh ich

are no t illuminated. These 26 points can later be activated

as a “co m p l e m e n t” of the “Y” , produc ing a situation where the

letter “Y” is “surro unded” by it s comp l e m e n t , w h i c h  a p p e a r s

shortl y after it , in the typical backward masking paradigm.

In Par t A of this experiment , we d e s i g n e d  a si tua ti on in

which the complement would follow the “Y” by two different

ISIs to determine the perceptual and VEP effects .
t

Part A: Backward Masking and VEP: Sing le Complement

M E T H O D

S u b j e c t s :  The s u b j e c t s  w e r e  five males and one female associate d

w i t h  B a r u c h  C o l l e g e  of  t h e  C i t y  U n i v e r s i t y  o f  New Y o r k .  N o n e

had visual defects other than myopia (corrected to at least

20/25).- 1
I 
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A pparatus and Procedure: The apparatus and procedure for

obtaining the VEP was the same as that used in Experiments

I and II. The stimuli were disp layed on a VR—l 4 Display CRT

(Digital Equi pment Corp.) which was mounted at the subject ’s

eye level outside the chamber at a distance of 99 cm (39

inches) from the subject ’s nasion. The VR—l 4 CRT was controlled

by the PDP— 8/E dig ital computer which was programmed to deliver

stimuli at specific times and locations upon the CRT. There

were three conditions:

Condition A — One Y appearing on the screen

for 40 insec . (ON L,Q , OFF 1500)

Condition B — One Y a p p e a r i n g  on the  s c r e e n

f o r  40 msec. followed by a

complement 20 msec. later which

was on the screen for 40 msec.

(ON 40, OFF 20 , ON 40, OFF 1500)

Condition C — One Y appearing on the screen for

40 msec. followed by a comp lemen t

60 msec. later which was on the

s c r e e n  for 40 msec. (ON 40, OFF 60 , —

ON 40, OFF 1500)

In every instance there was always 1500 msec. between each set

of stimuli. For example , o n e  Y a n d  o n e  c o m p le men t w e r e  p r e s e n t ed

in  ra p id suc c e s s i o n , followed by a pause of 1500 insec. (1.5 sec.)

before the next set of one Y a n d  one complement. The letter Y

was formed by nine points of li ght y ielding 1.11 mL for one

Y at a distance of 2.54 cm (measured b y Tektronix J16 Di gital

Photometer). The complement of the Y y ielded a luminance

_____ - _____ ~~~~~~~~ ~~ TV~~ ~~~~~~~~~~~ _~~~~~
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of 3.33 mL.

The stimuli were .95 cm (3/8 inch) hig h and .95 cm wide

and at a distance of 99 cm (39 inches) produced a visual ang le

at the eye of 33 minutes of arc. The stimuli appeared in

locations at the center of the 17.78 cm (7 inches) hi gh by

22.86 cm (9 inches) wide CRT screen. A small luminous fixa-

tion point .32 cm (1/8”) in diameter , p laced 1.27 cm above

the center of the stimulus location was used to give subjects

a p lace upon which to focus their eyes between presentations.

The subjec ts were familiarized with the various disp l ays ,

p r i o r  t o da ta c o l l e c ti on , v ia 10 samp le presen tations of each

cond ition. The conditions were counterbalanced across the

six subjects and data collection involved th~ p r e s e n ta t ion of

each condition two times for each subject in one session.

R E S U L T S

The firs t result examined concerned the perceptual reports.

The questions asked of each subject yielded the following

1; information:

Cond ition A — All six subjects saw one Y

(one Y presented)

Cond ition B — All six subjects saw one comple-

ment (one Y and  on e co m p lement

presented — masking of Y occurred)

Condition C — All six subjects saw one Y ~~~

one complement (one Y and one

comp l e m e n t p r e s e n t ed — no masking
I

occurred)

L I 
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I

11111 : :
IIIII 1 11 11

• Figure 1 — Manner of constructing a Y and its complement
from a basic grid array of S X 7 points of
light . Nine of the grid elements are used to
form the Y; when the nine points are subtracted

- f rom the ori ginal 35 , a comp lemen t composed of
26 points results. The complement was used as

- a mask stimulus which followed the target Y

- in Parts A and B of Experiment III.
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T h u s , all ind ividual s saw what was expected in •i11 c o n d i t i o n s .

Condition B shows comp lete masking of the Y by the complement.

The percep tual reports of stimuli in Condition C indicated

tha t no masking occurred since all subjects saw both the Y and

the compl ement. The data were anal y z e d  wi th r espec t t o

bo th latencies and amp litudes of the VEP as in the prior exper-

iments.

Tabl e 1 shows the mean amplitude (pV) for major VEP

componen ts under the three conditions. The information in

Table 1 indicates tha t Condition C consistentl y produced the

hi ghes t VEP amp litudes of the three conditions used. Condition

T a b l e  1

Mean Ampl itude (jiV) for Major VEP
Components for Conditions A , B C

N = 6

Cond itions
VEP

Comp onent A B C

Nl  — 3 . 4 2  3 . 8 2
P1 3.65 3.94 4.35
N2 4.83 4 . 6 7  5.54
P2 9.17 9.92 9.96
N3 — — 8.80
P3 — — 4.65

C produced extra response components labeled N3 and P3.

Inconsistencies characterize Condition B when it is c o m p a r e d  H

to Condition A with respect to amp li t u d e s  of  P1 , N2 and P2.

The infor mation in Table 1 is depicted in Figure 2.
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Table 2 show s the mean latencies (tusec .) for th e major

VEP componen ts under the three conditions . The la ten c i es f o r

the three conditions do not show much variation except for

the delayed P1 component for Condition B.

Table 2

Mea n Latency (Msec.) For Major VEP
C o m p o nen t s f o r  C o n d i t i ons  A , B , C

N~~~~6

Condit ions
V E P

Components A B C

Ni  — 110 100
P1 130 149 125
N2 176 172 171
P2 2 4 1  2 4 0  2 4 0
N3 — — 310
P3 — — 350

The  la t e n c y  da ta ar e p lotted in Figure 3. In Fi gure 3

the latency similarity between the three conditions can be

clear ly visualized. The amplitude and latency data for the

major VEP components of N2 and P2 were subjected to t— tests

for correlat ed data , 2—ta iled -riterion , wi t h f ive d e g r e e s of

• fr eedom. The following compari~~ons were made: A vs. B , A vs.

C , and B vs . C. None of the t— test comparisons resulted in

s i g n i f i c a n c e  ( p  ,> .09 , 5 d f . ) .

• The VEP traces for one subject (P.C.) are p resented in

Figure 4. These traces are representative of the other subjects

in terms of a m p l i t u d e  and latency results. The person whose VEPs

are dep icted in Figure 4 had a mean P2 amplitude of 14.25 micro—

volts under B , and 13.50 for both the A and C conditions.
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EVOK ED POTENTIA L COM PONENTS
Figure 4 — Raw VEP traces for one su b j e c t  (P.C.) under

Conditions A , B and C. Each trace is based on
100 presentations. Negativity is downward.
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D I S C U S S I O N

Th e results indicate that under the stimulus conditions

u sed , b a c k w a rd m a s k i ng  did oc cur. This finding stems from

the perceptual reports obtained for Condition B , where all

six subjects saw onl y the comp lemen t when a Y and a comp l e m e n t

wer e presented. tinder Condition C , all subjects saw and

responded to the Y and the complement. This effect appears

to be a function of the ISI in Condition C. That is , the

60 msec. between the end of the target and beginning of the

mask allowed sufficient time for additional VEP components

to occur as well as perception of the two stimuli presented

in sequence.

Sch iller and Chorover (1966) obtained metacontrast

s u p p r e s s ion usi ng a d i s k  and  r ing b a c k w a r d  mask in g p a r a d i gm ,

bu t no alteration in the VEP. However , V a u g h a n  and  S i l v e r s te in

(1968) reported VEP ampli tude attenuation under metacon trast

s u p p r e s s i o n  f o r  f o v e a l  p r e s e n ta t ion , but no t for parafoveal

stimuli. Vaug han and Silvers tein suspect that the reason

for the lack of VEP at tenuation in the metacontrast experiment

of Schiller and Chorover was the parafoveal stimulation used.

Andreassi et. al. (1974), in a m a s k ing p a r a d i g m  us ing

h o m o g e n e o u s s t im u l i , found a delay in the appearance of VEP

components when the last three stimuli were of greater

intensity than the first two stimuli. The greater the intensity

d i f f e r en ce , the g r e a ter  wa s t h e d e l a y  in the VEP components.

On e may assume that from the re sul ts of the present experiment
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perhaps an intensity ratio larger than the one used in the

present experiment (3:1) is necessary to produce a latency

delay. Earl ier studies (Andreassi et al., 1971) had shown

that when the first two stimuli in a horizontal string of five

were of equal intensity to the last three , no altera tion in

the VEP occurred.

Since the present study did not lead to any clearcut

result s , a follow— up experiment was conducted to determine

whether a rede sign of the stimulus situation would produce

m a s k i n g  a c c o m p an i e d  b y changes in the VEP. In addition , e a c h

subject was tested in three sessions over a three day period

ins t ead  of on l y one session.

Par t B: Backward Masking and VEP: Multip le Co m p l emen ts

The  m a j o r  c h a n g e s  i n v o l v e d  mod i f i c a ti ons  in the n umb er

of stimuli used , and the timing of the stimulus presentation.

• More spec ificall y ,  these changes were: (1) The use of three

Y ’ s and three complemen ts; (2) the ON time and OFF time were

set at 20 msec. each; (3) the collection of data took the

form of a coun terbalancing of the three conditions across

six subjects for three days. This resulted in an increase

in the number of VEP recordings obtained. The research

q ues t i o n s  a s k e d  we re:

( 1)  W i l l  b a c k w a r d  m a s k ing be p r o d uc ed u n d e r

t he s t im u l u s c o n d i ti ons  of t he p r e s e n t L
e x p e r i m e n t ?

( 2 )  I f  b a c k w a r d  ma sk i ng doe s o c c u r , will it

L
be accompanied by changes in the VEP?

1~
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M E T H O D

Subjects: The subjects were three male and three female

students associated with Baruch College of the City U n i v e r s it y

of New York. None had any visual defects other than myopia

corrected to 20/25.

A p p a r a tu s and  Pro ced u re :  The a p p a r a tu s and  p r o c e d u re  w e r e

the same as in Experiment 1.

The three conditions were:

f 
Condit ion A — Three Y’s (ON 20 msec , OFF 1500

m s e c )

Condition B — Three Y’ s (ON 20 msec , OFF 20

mse c., the n three comp le m en ts

ON 20 msec. , OFF 1500 m se c )

C o n d i ti on C — T h r e e  comp lemen ts (ON 20 msec. ,

OFF 1500 msec. , but initiated

at time 40 msec. as were the

co m p l e m e n ts in A and B)

A s i n g le le tter Y had a luminance of .37 mL at a distance of

2 . 5 4  cm . and a sing le complement had a luminance of 1 .11 mL

at a distance of 2.54 cm. The three together y i e l d e d  l um i n a n c e

val ues of 1.11 mL and 3.33 mL for Y’s a n d  comp l e m en t s , re spectively;

the same totals as for the stimuli in Part A. For any given

cond ition a set of three adjacent stimuli y ielded a visual

ang le a t t he  e y e  o f  1 deg. 39 m m .

R E S U L T S
S

The amp litude •Ind latency data were obtained in the same

manner as in the previous experiments. The perceptua l reports

L 
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i n d i c a t e d  t h a t  b a c k w a r d  ma sking did occur und er C ondi t t o n  h .

A summary of these reports are presented for the three conditions:

Cond ition A — All six subjects saw three Y ’s

(three Y ’s p r e s e n t e d )

Cond ition B — Five subjects reported seeing

only the three complements , w h i l e

one sub j e c t r e p o rte d see ing th r e e

comp lemen ts and  one Y ( th r e e  Y ’s

and th r e e  comp lemen ts presented)

Condi ti on C — Al l  s ix  s u b j e c ts r e p o r t ed see ing

th r e e  comp lemen ts (three complements

presented)

To r e p o r t the c omp l e m e n t , s u b j e c t s d e s c r ibed v a r i o u s  o b j e c t s ,

such as see ing an a r c h , a b l a c k  Y i n s i d e  a ci rc le , a c u r v e d

box with a Y in i t , and a box with the top two corners cut off.

Table 3 shows the mean amplitudes (jiV) for major VEP

components under the three conditions.

T a b l e  3

Mean Amplitudes ~1)1V) for Major VEP
Components for Conditions A , B , C

N = 6

- - Cond it i o n s
VEP

C o m p o n e n t s  A B C

Ni 3.57 2.96 3.13
P1 3.20 3.33 4.31
N2 5.40 4.96 5.43
P2 11.77 11.64 11.76

I
4... These data are dep icted in Figure 5, wh ich shows that there

is not much variation in the amplitude data under the three •1
_________________  

‘- - -, .--• -
~

- - .
~~~~~ • T~i-~ —~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—~~-~~~~ ~~~~~~ 
-- - p



12 -

I I -  iT
II

- ‘I
F- C~~~//
-J 9 -  II

4 0
>o 8 -  /

/
0

- /
/

Ui 6 —  /
-, 5 -  

~~~
• 1

- ‘
~2 - -’5

3 -
Z 2 -
4
Ui

I -

o
NI P1 N2 P2

EVOKED POTENTIAL COMPONENTS
Figure 5 — Mean amplitude of the major VEP components

(6 Ss) under Conditions A , B and C.

~~~~~~~~~~~~~~ ~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~ - --~~~



—58—

cond itions. The mean latencies are g iven in Table 4. The

T a b l e  4

Mean La tencies (msec.) for Major VEP
• Componen ts for Conditions A , B , C

N~~~~6

Cond it i ons
VEP

Componen ts A B C

Nl 88 100 115
P1 119 130 152
N2 150 159 190
P2 217 22 1  255

la tency data reveal differences between conditions (see , a l so ,

Fi g u r e  6) for all VEP components (Nl , P1 , N2 and P2). The

t r e n d s  i n d i c a t e th at Co nd iti on A la te n c i es  a r e  s h o r ter than  B ,

and B are shorter than C. The N2 and P2 latency differences

were  ana l yzed by t— test for correlated data and for N2: A vs.

b (t = 3.35 , p ç- .05 , 5 df.); A vs. C ( t  = 4.72 , p .~ .01 , 5 df.);

and B vs. C ( t  = 4 . 6 0 , p (.01 , 5 df.); wh ile for P2 latencies

• 
- 

A vs. B ( t  = 1.52 , p > .05 , 5 df.); A vs. C ( t  = 17.34 , p < .001 ,

• 5 df.); and B vs. C (t  = 9.25 , p <. .001 , 5 df.). None of the N2

or P2 ampl itude comparisons for any of the conditions were

si gnificant (p ~ .05 , 5 df.). Fi g ure 7 p r e s e n t s the supe ri m p o s e d

VEP t races for one person (B.W.M.) in one experimental session.

The mean N2 la tencies for this subject were 146 msec. for

Cond ition A , 158 msec. under B , and 177 msec. for C , a trend

followed by the other five subjects.

L. ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Figure 7 — Raw VEP traces for one subject (B.W.M.) under

— Conditions A , B and  C. Each t r a c e  i~~ based on
100 presentations. Negativity is downward .
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T h e  finding s from Part B of Experiment 11 showed tha t

perceptual masking was accompanied b y latency changes in one

component (N2) of the VEP. Previous studies by Andreassi et

al. (1971) and Andreassi et al. (1974) found that when five

s in g le , sequential inputs of equal intensity are presented ,

the f irst two were not perceived. Further investi gation revealed

that if the last three stimuli were of great t~r intensity than

the first two the perce ptual suppression was accompanied by a

delayed VEP to the first stimulus in the series. In addition ,

the greater the difference in the ratio between the first two

stimuli and the last three , the longer the del ay in the

appearance of the VEP to the first stimulus. The exp lanatory

mechanism for the findings of the present experiment and

those of Andreassi et al. (1971 , 1974) may he that the later

appearing, more intense mask stimuli produce an inhibitory

effect upon the excitation generated by the target stimuli ,

of sufficient magnitude to delay the VEP to the target. The
-

results in Part B differed from Part A. Some factors contri—

buting to this discrepancy may be: (1) the d ifference in

the stimulus area; (2) “stimulus impact ” ; and (3) the amount

of data c ollected in Part B. In Part A , a stimulus set con—

sist ed of one Y and one complement producing a visual angle at

the eye of 33 minutes of arc. However , in E x p er i m e nt I I , the

s t i m u l u s  set consisted of three Y ’s and three comp lements

producing a visual angle at the eve of 1 deg. , 3~ minutes of

ar c . The la rger visual angle in Part B may have generated a

- ~~~~~~~~~~~~~~~~~~~~
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larger area o f excitation at the retina and visual cortex. In

addit ion , the “stimulus ir p a c t ” (beca use of greater irea and

number of stimuli) would be of hig h e r  ma~~n i tud t -  in Part B than

in Part A. (It should also be noted that the in t e n s i t y  ratio be—

tween the targe t and mask was constant at 3:1 in Parts A and B.)

In Part A , two VEP recordings were obtained for each condition ,

and in Part B , six VEP recordings were obtained over three days

res ulting in a greater amount of data , and perh aps more relia-

b ility of the findings in B compared to A.

The f indings in the present experiment may also be

explained in terms of an interruption theory of backward

m a s k ing as e x p l a in ed b y Kahneman (1968). The process ing of

th e first set of stimuli (three Y ’s) required a certain amount

of physiological time , a nd t h is p r o c ess ing w a s  in t er rup t ed by

the presen t Lion of the three complements during this processing.

Previo us experiments by Donchin and Lindsley (1965) and Fehmi

et al. (1969) had indicated that the VEP occurred to the target

ra ther than the mask. However , in these studies , the mask

was of much greater intensity that the target (from 100 to

10 ,000 t imes greater) while in the present experiment the

intensity ratio was onl y 3:1.

Ano ther aspect of Part B deserving mention is that the

VEP to the comp lement presented alone (Condition C) was very

similar to the Y plus comp lement condition (B). The onl y

d ifference was the temporal offset produced by the fact that

the comp lement in C appeared 40 msec. 1ate~ in time than the

Y in B. Thus , while the results of Part B are suggestive ,

- - ~~- - ~~~~~
- -~~ -- ~~~~~
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they are not conclu sive and the complement paradi gm w i l l

require further study.

- 
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Experiment IV: E f f e c t s  of C o n f i g u r a t i o n  and Meanin g upon

Ma sking and the /EP

Prior backward maskin g experiments have shown that a tar get

is most likely to be masked when the mask is similar to the tar-

get and borders the target contour (Werner , 1935 ; Mayzner and

Tresselt , 1970; Andreassi , D e S im on e  a n d  M e l l e rs , 197f).

A l p e r n ’s (1953) studies showed that masking is maximal when

the borders of the mask and target are contiguous since maskin g

d r o p pe d of f s h a r p ly as spatial separation increased. Werner

( l9~~5) b elieved that what he termed metacontrast suggested

something about the timing necesssary for perceivin g contours

b y the visual system. If a second stimulus (mask) was pre—

sented soon enough after a first (mask) it could interfere

with the contour development of the first and prevent its

perception by the observer. The argument that some kind of

lateral inh i b i t i o n  cff e ct must he involved in backward

masking has been prese nted b y Mayzne r and Tresselt (1970);

And reassi et al. (1971); Lefton (1972) and ft
~ndreassi et al .

( 1 9 7 6 ) .

I t has been reported that when a target and mask di f f e r e d

sufficientl y in confi guration backward maskin g di d  not

occur (~1ayzner and Tre sselt , 1970; A ndr ea ssi et  al. 19’6).

In a d d i t i o n , whil e  the VEP t o i  t a rget s t i m u l u s  was att enuated

i n  amplitude w i t h  backward m a c k i n g  the V I - P was not affected

when confi g u r a t i o n  d i f f e r e n c e s  allowed p e r c e p t i o n  of the

ta rget s t i m u l u s . Ili e pr e se nt e x p e r i m e n t  was d e s i g n e d  to -~~

____ 
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test the effects of three stimulus conditions upon the VE P:

a b l a nk fi e l d , a m ean in g l e s s w o r d  a n d  a m ea ni n g f u l w o r d . O n e

condition was designed to produce a blank central field b y

backward masking of a target stimulus (Condition A). A

second condition was one in which the tar get was not masked

and the subject perceived a three letter word (Condition B).

The  third condition allowed a nonsense tar get word , of three

lette rs , to be perceived b y th e subjects (Condition C). The

purpose was to determine whether there would he a hierarch y

of VEP response to the three stimulus situation s ; that is ,

would the smallest VEP be produced under masking ? W ould the

next smallest be produced with a meaning less stimulus and

would the largest VEP result when the meaning f u l wo rd was

perceived? Further , would there he a differential result

for the right and left hemispheres? That is , would the hier—

a r ch y be d emonstrated for the left hemisp here because it is

the one which controls the perception of speech and verbal

language stimuli , as opposed to th e ri ght hem isp h e re wh i ch

is dominant for sj~~ tia 1 and non—anal ytical functions? It

has been as certained that 98% of the population has speech

and language functions localized in the left hemisphere

(Noback and Demare st , 1975). The affective value of stimuli

ha s been found to influence the size of the VEP. Li f s h it z  ( 1 9 6 6 )

used color p hoto grap hs which were neutral , offensive or erotic

fo r normal males and found VEPs larger for erotic than for

oth e r s t i m u l i .  However , he did not control for color or

L
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Beg leite r and Plat z (1969) a iso reported VEI’ di t f e r t u c e s  to

words of d i f f e r e n t  a f f e c t i v e  c o n t e n t .  Th y found V I-:Ps to

have greatest amplitude s with “ i~~h o o ” words , the n ext hi ghest

for neutral words and lowest a m p l i t u d e s  for a blank f l a s h

field. While our st i m u l i  were not desi gn ed to have strong

affective value they do differ in meanin g fulness.

M E T H O D

S
~~~iects 

— The subjects were three males and three

females associated with Baru ch Colle ge. None had visual

defects other than myopia (corrected to at least 20/25).

App aratus and Procedur e — The apparatus was the same as

that used in prior experiments to o b t a i n  the v i s u a l  evoked

potential. The present procedure involved measuring from

01 a n d  02 (10—20 Int ernational System) d u r i n g  presentations

of s t i m u l i .  The stimuli were presented to subjects on a

VR—1 4 CRT d isp lay mounted o u t s i d e  the window of an TAC Chamber .

The stimuli appeared at eye level at a distance of 137 cm

(54 inches) from the subject ’ s nasion. The three stimulus

conditions were:

A. Three adjac ent g r i ds (one cm square) appeared

on t h e  s c r e e n  f o r  20  n a P e  ( t a r g e t )  f o l l o w e d  b y

ei ght i d e n t i c a l  g r i d s , 40 msec l a t e r .  The e ight

masking grids s p a t i a l l y su rrounded t he  f i r s t

thre e : three above , three h e l ew and one on

t i t h e r  side.

. 
- 
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B. The letters BAR app eared on the screen for 20

msec followed by t he ei ght grids 40 msec later.

C. The letters ~\BR were presented for 20 msec ,

f o l l ow e d b y the eig ht g rids 40 msec l a t e r ,  in

all conditions the eight grids were also presented

for 20 msec , then followed b y a b l a n k  s c re en f o r

1000 msec before the next stimulus sequence.

All stimuli presented first will he referred to as the

Tar get . The 3 cm Target array produced a visual ang le  o f

1 deg. 6 m m of arc at the eve. The 5 cm wide mask pro—

• duced a visual ang le of 2 deg . 6 m m .  of arc. The Target

intensity was 5
, 5 mL in Condition A and 3.4 mL in B and C.

The mask intensity was constant at 5.5 mL for all three

conditions. \ small round fixation point .32 cm (1/8th in.)

was placed 1.27 cm (1/2 in .) above the center of the s t i m u l i .

I h i s  fixation prov i d e d  a cue is to the locus of each stimulus

presenta t ion. In s t r u c t i o n s  to subjects asked them to focus

upon the f i x a t i o n  p o i n t  betwe en and prior to the start of

p resentations. All subjects were screened prior to p a r t i c i —

pation. They were required to meet the c r i t e r i o n  of complete

masking of the target grid in C o n d i t i o n  A and clear perception

of the three l e t t e r s  used in C o n d i t i o n s  B and C. All

subjects screened in t h i s  mann er met these criteria , this

in sp it e of the f i c t  t h a t  the mask was more intense than

the target s t i m u l i  in B and C .  T h e  subjects were asked to

dr aw i d i a g r a m  of what t h e y  saw , as we l l  as to describe the

s t i m u l i .

• ~~~~~~~~~~~~~~~~~ 
- 
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The thre e c o n d i t i o n s  wer e co m p l e t e l y c o u n t e r b a l a n c e d

across the six subjects , through a use of a Latin Square

desi gn , over a period of t h r e e  days. Each su b j e c t  was pre—

sented with a ll (on ditli ons six times during t i e  course of

thre e e x p e r i m e n t a l  sessions. Thus , a total of 18 VEP traces

from 01 and 1~ from 02 were obtained. Each trac ( was based

on t h e  summ ed response to 100 st i m u l u s  presentations.

R E S U L T S

T h e  s u b j e c t i v e  reports i n d i c a t e d  that each subject con—

s i s t e n t l y saw the same thing throug hout the experiment al trials.

That is , the three grid Target was masked , and they clearl y saw

t h e  three letters in the o t h e r  two c ondit i ons. The a m p l i t u d e

and latenc y measures were taken in a s i m i l a r  manner as in

the e a r l i e r  e x p e r i m e n t s  reporte d upon here , in Table 1 the

~ A B L F  1

~1e an  A m p l i t u d e  (M icrovolts) for
Major VE~ Components Under

Conditions A , B , C.

-‘ (N = 6 )

0 0
• Placement

Components A B C A B C Conditions

N I  2 . 1 3  2.0 2 . 1 2 .60 1.75 3.05
P1 4.34 4.03 /4 .03 5 .1 8 3.80 4 .28
N2 4.25 4.83 4.90 4.90 5 . 0 0  4.78
P2 6 .01 7.18 6 .87 6. 32 6.90 6.88

mean a m p l i t u d e s  of the ma jor VEP components are shown for

Conditions A , B and C for and O~~. T h e  latency d a t a  are

S
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presented in Table 2. Th e data from Table 1 are p l o t t e d  as

Figure 1 and those t r o m  Table 2 are p l o t t e d  as Figure 2 .

T a b l e  2

Mean Latenc~ (Milliseconds ) for
Major VEP Component s Under

C o n d i t i o n s  A , B , C.

(N = 6)

V E P I 
- - 2 Placement 

--

Components A B C A B C C o n d i t i o n s

Nl 85 115 102 42 11 4 110
P1 1 4 0 1 1 6 134 14 2 135 13 9 —

N 2  17 6 164 1 6 4  181 171 170
P2  2 3 9  2 15  2 3 3  2 4 0  2 3 1 2 3 4

The data in Fi gure 1 indic ate a trend in which VEP a m p l i t u d e s

were smaller for Condition A than B or C. Alt hough in the

predicted direction these amplitu d e  d i f f e r e n c e s  are not si gni-

fic a nt as revealed b y t — t e s t s  for correlated data (p > .05 ,

5 df). The d ifferences between the 01 and 0 ) locations are

also not si gnificant as indicated by s i m i l a r  tests (p ~ .05 , 5 d f ) .

The latency data plotted in Figure 2 i n d i c a t e  a tendenc y

for Condition A to produce lsi gh tly longer latencies than either

B or C. However , these latency differences were not s i g n i f i —

e cant according to t— t e s t s  for correlated data (p ~ .05 , 5 d f ) .

The same n o n — s i g n i t i c a m c e  a p p l i e d  when the latencies for t t ie 01

vs. 0
2 

locations were compared.

DISCUSSION

The s t i m u l i  used in th e h ree c o n d i t i o n s  of the present

e x p e r i m e n t  did not res ult in (l i f t  er en ti •i l VE Ps for e i t h e r

~~~ ~~~ - -r~ - :: ~~~~~~~~~~~~~~~~~~~--. - -~~~~~~~~
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conditions cr l e t t  and r i g h t  h e m i s p h e r i c  c om p a r i s o n s . The

perceptual results were in the expected d i r e c t i o n  since the

grid targets were masked b y the grid masks and the letter

patter ns were clearl y perceived whether the l e t t e r s  made u p

the meanin g f u l wo r d , BAR , or the meaning less , A B R . P e r h a p s

VEP differen ces did not occur because the stimuli used

— were rather mild and may not h ive produced much of a perceptual

impact on the subjects in t h i s  e xperiment. Compared to the

a f f e c t i v e  stimuli used b y L i f sh it z ( 19 6 6 ) a n d  Beg leiter and

Platz (1969) the stimuli used in the present stad y were

appa rentl y not strong in an affective sense. Another possible

reason for the lack of dif ferences may have been the locations

seLected to stud y the evoked po t e n tial. Perhaps parietal or

f rontal leads would have y ielded greater d i f f e r e n c e s  than the

occi p i t a l  areas examined since they mig ht be more likely to

reflect associative rather than visual responses.

I. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~
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Exper iment V: Evoked P o t e n t i a l  A m p l i t u d e  R e d u c t i o n  R e l a t e d

to Extent of Visual Masking

Th e ability of the second of two successively presented

visual stimuli to reduce the apparent bri g htness of the first

is well documented (Sti gler , 1910; Werner , 1935) . This effect ,

called metacontrast , is produced when two equally—intense visual

s t i m u l i , hav ing adjacent contours , are presented in rapid

seq uence. A typi cal p a r a d i gm for obtaining this effect

involve s the presentation of a solid black disc for a brief

per iod (e.g., 5 ms ec) followed after an interval of 40 msec by a

surrounding ring of equal area , intensity and duration , a l s o

p resented for 5 msec. Schiller (1969) has referred to meta—

contract as visual masking involving contour interaction as

distinguished from a situation where no contour interaction

occurs , as w h e n a l a r g e , intense patch of lig ht f ollows a

4 small relativel y dim li ght flash (Donchin , W ic k e  an d Li n d s l e y ,

1963; Donchin and Lindsley , 1965). in backward visual masking

• st udies the first stimulus is referred to as the target and

the second as the mask.

In our present experiment we have obtained evidence that

the extent of contour int e r a c t i o n  was related to extent of

target m asking and visual evoked potential (VEP) amplitude

reduction. The masks and targets were identical in luminanc e.

Earlier studies of backward masking, in which VEPs were

reco rded with targets and masks of the same lu m i n a n t  intensity,

L ____ 
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were conducted by Sch i ller and Chorover (1966) and Vaughan

and Silverstein (1968). It had pr eviously been establi shed

that VEP changes occurred , i .e., lowered amplitudes and longer

latenc ies , when the ph ysical int o nsity of a visual stimu lus

wa s decreased (Tepas and Arm ington , 1962 ; Va ughan and Hull ,

1965). Schiller and Chorover reported no VEP changes under

met acontrast and concluded that the VEP does not necessaril y

reflect changes in subjective bri ghtness . Howev er , Va u g h a n

and Silverstein found VEP amplitudes to be atten u ated durin g

m etacontrast suppression when stimuli were foveal , b ut not

when they were presented paraf oveall y . They suggested that

the failure of Schil ler and Chorover to obtain VEP changes was

due to the parafoveal stimulus conditions used in their

experiment. The amplitude decrease found by Vaug han and

Silverstein occurred to the positive VEP component appearing

abo ut 200 msec after the first stimulus.

Recent studies of visual masking and t h e i r  V E P  correlates

conform to the pattern mask ing situation in which the target

and mask may both be letters or patterns , which were super-

imposed or adjacent to each other , with some of their contours

in a contiguous r e l a t i o n s h i p .  For example , in a recent s t u d y

VEPs to two s i m u l t a n e o u s l y presented s t i m u l i  were reduced

in amp lit ude when these target s were follow e d b y thr ee

simultaneous , adj i ent , stimu l i  (Andreassi , De Simone and Mellers ,

1 976). Al l  of these s t i m u l i  were s i m i l a r  in c onfiguration and

the degree of target-mask contour interact ion was never greater

th an 5O~~. When later stimuli d i f f e r e d  in shape from earlier

‘—
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ones , ma sking was not produced and VEP amp l i t u d e  decreases

d id not occur.

The question to be addressed in this experiment concerns

the effects of increasing amounts of tar get—mask contour

interaction upon percept ion of the target and the amplitude

of the VEP. To answer this question an experiment was designed

in wh i ch a s i n g le grid stimulus was followed b y either one ,

two , three or four grid stimuli , in adjacent locations . Thus ,

the amount of target mask interaction was 0%, 2 5 % , 50% , 7 5 % ,

and 100% (See Figure 1). There were six stimulu s conditions

in all , two of them involved 50% contour interaction. Figure

1 is a schematic representation of the six experimental

conditions .

The bas ic stimulus was a 5 x 7 square matrix (grid)

consisting of 35 yellow—green points of light. Stimuli were

p resented on a VR—1 4 CRT displa y (Di g ital Eq uipment Corporation)

mounted at the subject ’s eye level outside an JAC chamber

• w indow. The VR—l4 was under program control of a PDP— 8E

• digital computer. The CRT electronics are such that the total

luminous energy appearing at any one time upon the screen

is constant. This energy is equally d i s t r i b u t e d  among simul—

ta neously presented stimuli. Thus , a sing l e  g r i d p r o d u ced  an

intensity of 5 .50 mL , when measured at a distance of 2 . 5 4  cm

fr om the CRT screen surface with a Tektronix J—1 6 d i gita l

photometer (with the display intensity control set to maximum),

wh iLe 2 grids each produced an i n t e n s i t y  of 2.75 niL. The
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Figure 1 — Schematic of spatial and temporal arrangement o~ stimuli as the’

— appeared on CRT screen under the various conditions of this experiment .
Numbers merely indicate order of presentat ion , of target stimuli (1)

~~~~ and ~~sks (2), and did no t a ppear is part of the d1spla~ . The tot -i l
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V R — 1 I+ CRT screen used is equipped with a special phosphor

which enables an extremel y fast stimulus decay time (50

microseconds) . The subjects faced a stimulus display 153 cm

awa y and were instructed to fixate b i n o c u l a r l y  upon a small

(3cm) dim (.00 1 m L )  r ed neo n l i g ht source located 6 mm above

t he cen ter  of  the sc reen . The grids numbered ‘~l~ a p p ear ed

f irst and those numbered “2” app eared 40 msec after the first

disappeared. All stim uli were on a CRT screen for 20 m sec.

the re were always 1000 msec between the end of each stimulus

and the beginning of a new set. The single grid was .95 cm

squa re and produced a visual ang le at the eye of .35 deg .

at the v iewing distance used. An array of three adjacent

grids (the greatest extent used) produced a visual angle of

1.05 deg. Th us , the stimuli were presented toveally since

foveal extent is usuall y estimated at between 2 .0 deg. and

2 . 5  deg. of visual angle (Ruch , 1965) .

The subjects were three males and three females . None

had known neurological or visual defect s other than myop ia

(co rrected to at least 20/25). All w ere tested in six

experimental sessions , spread out over six days , at approxi—

m atel y the same time of day. The six conditions were counter—

bal anced across days and subjects , in a Latin—S q uare design.

At the f irst exçcrimental session subjects were shown each

cond it .~~on 10 t imes. After each set of sample trials they

were asked to draw what they observed and to Indicat e the

n umber of separate items detected for a g iven condition.
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Furthe r te sting was continued onl y if subjects eviden ced

comp lete visual maskin g of the initi a l stimulus in at least

one of the conditions . None of the subjects screened in

this manner failed to meet this criterion . The instructions

to subjects during experimental trials asked them to silentl y

co unt the number of presentat ions and to report the number

of it em s se en in any  si ng le prese ntation at the termination

of each cond ition.

The electroencephalo gram (EEC) was recorded from over

the occip ital cortex (0
~~
) w ith a sing le silver cup electrode

refe renced to a cli p electr ode on the subject ’s [eft ear lobe.

Another clip electrode on the ri ght ear lobe served as a

ground. An additional active lead was placed just over the

left cye brow to record vertical ~ye moveme n.t and eye blinks.

A Be ckman type RM d y n o g r a p h recorder was used to record the

EEC and a Mnemotron Computer of Average Transients allowed

derivation of the averaged evoked potential. The EEC bandpa ss

f lit er of the Of fner was set at 0.5 to 32.0 hertz , aud the

gain at ~ jiV/mm . A “sta rt ” si gnal from the 8E computer

tri ggered th e CAT to take EEC samples of 500 msec duration

follo wing the presentation of each stimulus to the subject.

The summated VEP responses from the CAT were p r i n t e d  b y a

H~~w1 ett— Packard X— Y Plotter. Also averaged and p l o t t e d  at

the end of each 100 trials was the e lectrooculogram , wh i ch

was rec ,rded on a separaLe channel of the Etecknan in order to

- le t e ct possible distortions of the VEP due to eye movement

r eye b l i n k . Continuous on- l i n e  monitoring of the EEC
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was accomplished with a Tektroni x 502A oscillos cope.

The VEP dat a anal ysis was aecQinp i-I shed b y computing the

mean amplitudes (jiV) and latencies (msec) of each subject ’ s

VEP trace for each condition. Each VEP trace was based upon

100 E E C  sam p les. The most prominent VEP component was a

positive wave which occurred at about 200 msec after the first

stimulus was presented. The P2 amp litudes were measured by

taking the N2—P2 distance which was then referred to a

calibrated signal . The N2 component occurred at between 130

and 150 nisec and the P2 at between 190 and 220 msec across

conditions and subjects. The amplitude anal y s e s  w e re  b a s ed

on the peak-to—peak N2— P2 magnitudes. The latency anal y s e s

were based on the time of appearance of the P2 component of

th e VEP. The latency and amplitude data were each subjected

to analysis of variance (ANOVA). A two—way (Subjects x Condition)

f ix e d  m o d e l  ( W i ner , 1971) was used. A log transformation of

all the raw latency and amp litude data was conducted to ensure

that they would con form to the assumptions required by the

A N O V A .  the ANOVA fo r N2-P2 amp litude indicated that both

main effects were significant: Subjects , F(5/l80) = 19.00 (pL.

‘1 - .001) and Cond i t i o n s . F(5/180) = 22.00 (p & .001). The Subjects

x Condition s interaction was insi g n ificant , F ( 2 5 / l 8 0  = 1 .00

(p p.05). The New man—Keuls m u l t i p le comp arison te st (Winer ,

1971) was used to fu rther examine the amp l i t u d e  d i t l e r e n c e s

under the d i f f e r e n t  c o n d i t i o n s .  The N e w n i n — K e u l s  r e s u l t s

indicate that amplitude s under C o n d i t i o n  B d i d  not d i r f e r  from

A (p ) .05) but were s i g ni l i c a n t  ly h i g h e r  th a n under D , ( . E

~
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I and F (p ~~.0l) wh ile Condition A produced a m p l i t u d e s  whi ch

were signific antly h igher than D and C (p ~ .0 5 )  a n d  E a n d F

I (p ~~.Ol). Conditions D and C did not differ from each other

significantl y, while both D and C were greater than E (p ~ .0 5 )

and B (p ~ .05). Finall y, Cond ition E produced hi gher VEP

I 
amplitudes than F (p i.. .05). This hierarchy of VEP amp l itudes

i s d e p icted in Figure 2 which shows the mean amplitude of

the N2—P2 component , ac ross the six subjects , as a function of

condition . The ANOVA for the latency measures failed to

find si gnificant F ratios for either the Conditions main

I 
effect , F(5/l80) = 2.00 (p ? .05) or the Subjects x Conditions

interaction , F(25/l80) = .50 (p ~~.05) . The Subjects main

I effect was significant , F(5/180 = 22.00 (p ~ .001), but this

effect is not of practical significance in an experime nt such

as the present one in wh ich variation between subjects is

expected.

ANOVA res ults indicate a relationshi p between the amount

of contour interaction betw een the i n i t i a l  stimulus and later

- 

I 
stimuli , and  amp lit ude of the VEP. The one exception was the

B v s . A compa rison (this discrepancy will be discussed later).

1 
A S pearman rho was computed between rank in degree of contour

interaction for a given c o n d i t i o n  and rank in N2—P2 amp l itude.

A coefficient of +.93 was fo und , p (.05 , thus supporting the

~onc1usion that a relation ship exist s between degree of

target—mask contour interaction and VEP amp l i t u d e .

I The subjective reports i n d i c a t e d  that t i nder C o n d i t i o n  A

the sing le grid was always detected a n d  under F (100% bounding)

I
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B A D C E F

CONDIT ION

F igure 2 — Mean amplitude of  P2 component of the VEP to target
stimulus (for six subjects) under various conditions.
The means and S.D.s are , re spective l y , B 9 . 1 7 , 2 . 8 0 ,
A — 7.93 , 2 .33 , 0 = 7.00, 3 .15 , C 6 .40 , 2 . 0 0 , E —

5 . 5 7 , 2 . 1 5 , and F 4.65 , 1.77 . 
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comp lete mask ing of the initial stimulus consistently occurred.

For Condi tion E (75% bounding) complete masking occurred for

S of the 6 subjects. One of the subjects sometimes reporte d

seeing “three sq uares and part of a fourth . ” Under Conditions

C and D (50% bound ing) four of the six subjects experienced

comple te masking of the first stimulu s while two others

freq uently saw “two items plus fragments of a third .” The

subjective reports for Condition B (25% bounding) were

interesting. Each subject experienced the same apparent

motion effec t in which the first grid seemed to move upward.

Th us , sub jects reported seeing only one grid. Perhaps the

grea ter interest and attention produced by a stimulus which

appea red to move resulted in the higher amplitude VEP when

this condition was compared to Condition A. There is

res earch evidence which indicates that greater attention to

stimuli results in hig he r amplitude VEPs (Donchin and Cohen ,

1967; Eason , Harte r and White , 1969; Groves and Easo n , 1969) .

Such a perceptual effect (i.e., apparent motion) would seem

to remove the effect of contour interaction since the

initial stimulus is seen to change its position in the

visual field , and the overall perception is comp le tely different

-: from that produced under the other stimulus conditions in

which the grids are perceived as stat ionary.

A poss ible explanation for the VEP amp litude changes

which occurred as a function of degree of target—mask contour

interaction is that vary ing amo unts of excitatory—inhibitory
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activity between groups of neurons take p lace at the level

of the v isual  cor t ex . T h u s , we suggest that when a stimulus

is presented to the visual system it results in excitation

be ing produced at a given location in the visual cortex.

When similar stimuli follow the initial one closely in time

and space , adjacent areas of the visual cortex are stimulated ,

resulting in a reduction in response to the first stimulus.

This inhibi tory activity is not sufficient to eliminate the

VEP comp le tel y ,  b ut enoug h to reduce it si g n i f ican t ly ,  and ,

it would appear from the results of the present experiment ,

that the degree of VEP reduction mi ght be related to the

degree of bound ing of the first stimulus by later ones. This

exc itatory—inhibitory hy p o th e s i s  m ay e x p la in the VEP attenuation

and the visual masking observed in the present experiment , and

the earlier ones of Vaughan -and Silverstein (1968) and Andreassi ,

et al. ( 1 9 7 6 ) .

There are a number of l ines of evidence which would seem

to lend support to a cortical excitatory—inhibitory in teraction

h ypo thesis. For example , re t i n a l  p r o j e c t i ons  a r e  t o p o g r a p h ic a l l y

organized at the level of the visual cortex , suggesting that

p atterns of lig ht at the retina are translated into Impulses

at the visual cortex with elements of each pattern holding the

same spatial relations hi p at the two areas (Ruch , 1965). Also ,

lateral inhib itory activities take p l a c e  a t the re t i n a l  l eve l

since impulses from a recep tor are reduced In rate when

n e i g h b o r i n g  r e c e p t o r s  a r e  simultaneously stimulated (Hartline ,

1969). Tha t lateral Inhibitory effects can take p l a c e  at

__________________  ~ - _________________________
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the v isual cortex is suggested by Hubel and Wiesel’ s studies

in wh i ch t h e y  have ident ifed cortical cells of a simple ,

complex and hypercomplex variety which are involved in both

inhibitory and excitatory activities. Finall y, e x p e r i m e n ts

to test the feasibility of visual cortical pro stheses with

b l i n d  pa tients provide some suggestive evidence that lateral

inhibition can take place in the hum an brain (Brindley and

Lew in , 1968; Dobelle and Mlade jovsky, 1974). Elec tricall y

p r o d uced  phosphenes , or sens ations of li ght , seemed to intera ct

when two adjacent portions of the visual cortex were stimu-

lated (Dobelle , Mlade jovsk y and Girvin , 1974). Simultaneous

or sequent ial stimulation of two adjacent areas resulte-1 in

repor ts b y pat ients of one phosph ene instead of two.

It is possible that the k i n d s  of excitatory—inhibitory

pro cesses proposed at the visual cortical level also occur

at other locations of the visual system such as the lateral

gen iculate nucleus or the visual radiations , bu t we l a c k

record ings from these areas. The results from our stud y

us ing surface electrodes indicate that increasing amounts

of target—mask contour Interaction results In increased

amo unts of VEP amplitude attenuation and subjective backward

masking. Samp le VEP tr aces for one subject (A.C.) are pre—

sented in Figure 3.
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Fi gure 3 — V E P s  f o r o n e s u b j e ct ( A . C .)  u n d e r C on d i ti ons A , B , C ,

0, E and F. Negativity is downward.
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> s e p a r at e  e x p e r i m e n t s , each c o n s i s t i n g  of two p a r t s .~) O ne
portion of Experiment I ‘(Part A) was previously reported in
the 1975 Annua . Report .’—~’Part B of Experiment I is a follow—
up conducted in an attempt to explain apparent male—female
differences found in Part A , in which the visual evoked
po tential (VEP) of males was enhanced with induced muscle
tension (IMT) but no consistent effect on VEPs of females
was observed. In Par t B , a new samp le of 10 female subjec ts

-was tes ted with a reduced IMT level and VEP enhancement was
observed.

~~~~~~~~ E x p e r i m e n t II , the effects of contiguity of target
(initial) and mask (later) visual stimuli on backward masking
and the VEP was examined .~~ Backward masking was fo und to be
affec ted by the contiguity of later—appearing grid stimuli ,
i.e. , the closer the mask to the original target , the more
likely was backward mask ing to occur. When masking stimuli
were removed a shor t distance horizontally (Part A), masking
still occurred in most instances. With the mask farther
removed horizon tally, m a s k i n g  did no t occur (Part B). The
VEPs did no t differ reliabl y under the various conditions in
ei ther Parts A or B , possibly due to the less than optimal
stimulus timing used. The effects of timing and degree of
contigui ty between target and mask will be examined in
Experiment V.

~~ Backward masking and the VEP , wi th new stimuli , was the
focus of Experimen t III. In Part A , a s i n g l e  c h a r a c ter
(letter Y) and its “complemen t” made up the target and mask
s t i m u l i , respe ctively . In Part A , the subjacts experienced
b a c k w a r d  m a s k i n g ,  b ut VEP changes did not occur. A more
complex stimulus array was designed for Part B (three Ys and
three complements) and under these conditions a VEP latency

S delay was observed under the masking as compared to the no
masking condi tion. The VEP delay was discussed in relation
to results of prior studies indicating VEP changes with
backward masking.

2~~~Experimen t IV examined VEPs , from lef t and right hemi—
sp h e r e s , to meaningful and non—meaningful stimu li~~~ No dif—
ferences in ei ther response amplitudes or latencies were
found for meaningful and non—meaningful stimuli. It was
suggested that perhaps parietal or frontal lead p lacements
would have yielded grea ter differences since they mi ght
reflec t associative rather than visual responses obtained
from the occipital areas examined.

~~-. In Experimen t V , the visual evoked potential (VEP) was
measured under stimul us conditions In which the extent of visual -

masking varied .~ Increased amounts of contour interact ion betwe e
target and maskP~timuli resulted in stronger masking and pro—
gressively grea ter decreases in VEP amp li tude. The results
suggest possibl e excitatory—inhibitory neuron inte ractions a~
t h e  v i s u a l  c o r t e x .
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